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In "Report 1956-h". Fla- + 1.2 variationsware described on phase 2 

monophaaic variant SW1061 (-:1.2) of-S&. typhimurium straiti TM2 (1:2.2). 

The transduction& analyses have suggested that Hl in SJlO61 is inactive, 

@  Fla- + 1.2 change corresponds to phase variation genotqpioally; that is 

the change of the stage of H2. 

The inactivatiorr of Hl may have occurred either by a chue of H1 

itself or by an inhibitory chan%e of an ad&scent factor against Hl fusztibn. 

The present report concerns about experfmental tests of these alternatives. 

,METERIALS AAD METHODS. 

The eqeriments consist of two transductieas, from Sal. tmhimurium 

ski1061 (-:1.2) to Sal. heidelberq S7,,1332 (Fla", r:1.2) and from Sal. abony 

Sw803 (b:enx) to SWl061. 

General methods of transductions are same as described by Lederberg 

and Iino (1344). 

For the trakkctfon from ~~!I.961 th SUO92, lysates of ~~1061 were 

prepared from 1.2 phase cultures. Two lysates, each of which wa:: yrepared 

from a different single coloq culture, were used for the present experiment. 

As recipients, five overnight penassay broth cultures of SW1092, prepared 

from silrgle colonies each, were used. Fletrausductions were screened OAL 

I@Amplates and their antigens were tested by slide agglutination. Wheil 

it is necessary, alternative phases were screened by antiserum-HGA deep tubes. 

Monophasics -:1.2 were confirmed both by non-swarm Iroduction on anti-l.2 

MGA deep tube0 and by segregatioti of motile alid ncrn-motile colonies on AMGA Plates. 



The second transduction SW803 -x ~~~061 is the repetition of the same 

eqerfment with the transductia in "Resort 1956-h", except equal1 size of 

the recipient culture was used as a control, to com~?a.re the frequency of 

i:1.2 type production between &ate-treated. and non-treated cultures. 

SXI?EBX~TAL ElESULTS. 

The results were summar ized iu Table 1 and Table 2. In transduction 

from ~1061 to SWlO92, moat of the types sre r:1.2 which were produced by 

the transduction of Fla:092.. Best.des r:1.2 type, a few number of -:1.2 

aud i:1.2 types were recovered. Phase 1 culture of i:l.q type obtained 

shows the same intensity of agglutinatfon by anti-i (react to l/l2800 dilution 

of the original anti-i aerum) as phase 1 culture of diphasic S&. typhimur?um 

TM2. a:1.2 type does not agglutinate eveu by l/10 anti-i serum,+like original 

sw1.061. The ratio of i:1.2 among transductions is high elrough to eliminate 

the possibility of its origin by reversion. It may be explained better by 

assuming that "the factor which inactivates Hl function in ~~1061 is linked 

closely but not identical wfth Hl itself". 

The non-recovery of (i):1.2 type amoe i:1.2 may be explained by the 

small size of samplkg, as X2 test suggests that there is no significant 

interdependence between the phase of recipient and the frequency of i:1.2 

(X2=5.8, 0.2<P< 0.3). A point remained in question is the low frequency 

of -:1.2 Rroductiou compared to the other cases of linked transduction 

of Fla10p2 with Hl. The difference of the frequency m of the 

linked transduction Fla10v2 -Hl between different cultures has been observed 

in other cases (Report 1955-b, and unreported data 1956). Low yield of 

-:1.2 type in the present experiment may also be coneidered as a case of 

such diversities of the frequenti of the linked transduction. 

In transduction from SW803 to SWl061, the x.mher of 1~1.2 produced is 



larger in the treated than in the control. However, the difference of the 

frequency is not definitely sigLificant statistically (X 2z 1.8, PCO.2). 

The data may be explained as fo&lows: 1:1.2 type, a$,least a part of which, 

is produced as a result of transduction, but the frequency of reversion from 

-:1.2 to i:1.2 is about the same as the frequency of i:1.2 production; by 

transduction and it made the difference betweem the treated and the control 

insignificant. 

DI SCUSSIOh. 

The production of mouophasics from diphasic salmonella may occur by 

(1). deficiency or inactivation of Hl, 

(2). deficiency or inactivation of H2, or 

(3) l stabilization of H2 state. 

The second and the third cases have already been meutioued (Lederberg ati 

rino, 1956). The monoghasics of 3~061, reported in this paper, belougs 

to the first case. A remarkable feature of (1) is that flagellated cells 

appear mixed with non-flagellated cells aud interchange each other just as 

phase variation, contraky with (2) and (3) in which cultures are composed 

of ooly flagellated cells of single phase. 

Phase variation is defined genotypically asaa change of H2 state, 

The genot,ypic change of flagellation in SW1061 is also explained by the 

change of H2 state, differed from phase variation only in a point that 

~~1061 has inactivated Hl instead of active H1. In other words, SW1061 is 

monophasic serotypically but diphaaic genotypically. The term pseudo- 

monophasics is applied to such ty-$e. 

The difference of motility between phase 1 aud phase 2 of the same 

strain is tiot,Fare event (Edwards et al. 1954) . One of euch cases reported 



by Selig.maiin et al. (1945) ti Edwards et al. (1354) is quite similar 

with the case reported here, except phase 1 is uot completely non-motile 

but poorly motile and faintly agglutinable by anti-?. SW061 may be 

uilderstood as an extreme type of such cases, although transducttioml 

analysis has not been done except SWlO61. 

The inactivation of H1 in ~~1061 is not caused by the change of 

Hl itself but the change of a factos closely li&ed to it. The fuaction 

of the factoe is not antigen type specific but phase specific. Since it 

suppresses the production of flagella only in phase 1, the factor is 

symbolized by Flail, and its allele in diphasic strain * Flsl. Flahl 

links most closely to H1 among the factors 

has been observed. It is interesting that 

since discovered, are all "Fla", and among 

one is specially related to Hl function. 

SUMMARY. 

on which the linkage with Hl 

tha markers linked to H1, 

them Lhe most closely liuked 

1). Monophasic straiu SW1061 of . typhimurium perform Fla- = 1.2 

change in its culture. 

2). Transductional analyses indicated that al in ~11061 is inactive, 

and the change Fla- = 1.2 occures by the change of Hz state, correspond 

tp phase variutiou. 

3). The inactivation of Hl is not caused by the change of Hl itself 

but by other factor Flcl which is linked closely to Hl. 
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Table 1. 

Transduction from ml941 (-:1.2) to SW1092 @ la-, r:1.2). 

"lalo92 are used as selective marker. 

Lysate no. of donor I I II II II 
Total 

Clone no. of recipient 1 2 3 4 5 

(r): 1.2 O 
Zo8 

32 
Antigen type r :(1.2) 110 6 3: 

40 x52 
2 189 

of (i): 1.2 0 0 0 0 0 

transductions 1 :(1.2) ; 5' 0 3 6); 1.2 0 2 : 0 1 96 
Total 113 124 4il 36 43 356 

Phase of recipient 1 l&2 2 1 2 l&2 

Table 2. 

Transduction from SW803(b:enx) to sw1061(-:1.2). 

Transductions were selected by anti-b d -en& 

Antigen type 

- 
Aumber of swarms 

Treated Control 

(-) :enx 34 0 

b :(1.2) 95 0 

1 :(1.2) 4 1 

Total 183 1 


